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Isolation of hyaluronidase from embryonic (stage 25) 
chick brain has revealed the existence of two putative forms, 
lysosomal and cytosolic, of the enzyme. This has been esta¬ 
blished by their differential post-translational processing 
patterns . 
In vi_tro, mRNA programmed, translations of chick brain 
hyaluronidase indicate that both forms of the protein are 
synthesized on membrane-bound polysomes. Isolation by mono- 
specific immunoprécipitation has further shown that these 
proteins exist at separate intracellular domains. The lyso¬ 
somal form is core glycosylated. The cytosolic form is core 
as well as terminally glycosylated. The findings in this 
study corroborate the regulation of cell surface excision of 
hyaluronate by a secretory form of hyaluronidase. This form 
functions via exocytosis and is inactivated when re-internal - 
ized in the cytoplasm. 
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CHAPTER I 
INTRODUCTION 
Extracellular matrix macromolecules play a signifi¬ 
cant role in the control of cellular behavior during embryo- 
genesis. Of these macromolecules the glycosaminoglycan, 
hyaluronate, is of particular interest because at high 
intracellular levels it is involved in the proliferative 
and migratory activities of cells in the cornea (Toole, 
1976), heart (Orkin and Toole, 1978), and neural crest 
(Pratt et al ., 1975 ). 
Hyaluronidase (hyaluronate glycanohydro1 a se, E.C.3.2 
1.35) is an endo-beta-hexosaminidase which hydrolizes the 
1-4 hexosaminido glucuronic acid bonds of hyaluronate. 
This hydrolysis is conducted in a step-wise fashion (Mar¬ 
golis et al., 1972), yielding high molecular weight oligo¬ 
saccharides. Further degradation of the sub-units is 
carried out by the action of exoglycosidases, producing 
monosaccharides. 
The regulation of hyaluronate levels by hyaluronidase 
is thought to be critical for some aspects of morphogen¬ 
esis via specific tissue-type differentiation (Toole, 1971). 
Numerous studies have correlated high levels of hyaluronate 
with embryonic development and reduced levels of this 
g 1ycosami nog 1 yean with the onset of cellular differenti¬ 
ation (Aronson and Davidson, 1962). 
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Hyaluronate inhibits morphogenesis and differentia¬ 
tion in the early stages of chick embryogenesis by restric¬ 
ting the diffusion of macromolecules of morphogenetic-1 i ke 
entities throughout the extracellular matrix. This is, 
putatively, accomplished by entangling hyaluronate molecules 
in a negatively charged bulky mass, which is extended in a 
random coil (Toole and Linsenmayer, 1977). Concomitant 
hyaluronate synthesis and increased extracellular matrix 
dimension have been observed in cranial neural crest cells 
(Pratt et al., 1975). The hyaluronate - rich extracellular 
matrix, which provides a supportive environment for undif¬ 
ferentiated cells, is indicative of the sequential events 
occurring at the onset of skeletogenesis. Hyaluronidase 
becomes detectable towards the end of the embryonic migra¬ 
tory phase of morphogenesis. It degrades the hyaluronate 
of the extracellular meshwork, and thus permits differenti¬ 
ation to occur (Toole, 1976). 
Hyaluronidase, perhaps the most studied form of the 
enzyme, is routinely isolated from bovine testes (Weissman, 
1955). Other forms of hyaluronidase have been studied in 
tissues, such as: rat liver, bovine brain and aorta as well 
as chick brain and muscle fibroblast, (Aronson and Davidson, 
196 7 ; Bo 1 let et al., 1963 ; Waindi, 1980 ). 
3 
It has been demonstrated by ion exchange chromato¬ 
graphy that cultured chick fibroblasts derived from skin and 
muscle, are capable of producing two forms of hyaluronidase, 
secretory and cellular (Orkin and Toole, 1980). The secreted 
form differs from the i ntracel1u1 ar enzyme in its thermal 
stability at neutral pH and its behavior on the ion exchange 
column. The report of Orkin and Toole suggested that the 
basic difference between the two forms resides in their 
sialic acid residues. The, putative, secretory form is 
capable of being converted to the cellular form by neuramini¬ 
dase digestion (Orkin and Toole, 1980). 
Several hypotheses have been advanced to explain the 
biogenesis of lysosomal enzymes. It has been proposed 
that lysosomal enzymes are secreted and then internalized 
via specific binding sites (Neufeld and Sando, 1977). 
Secreted forms of some known endoglycosidases have been 
shown to have recognition sites that bind to surface recep¬ 
tors and mediate internalization through endocytosis (Neu- 
feld et al ., 1 977 ). 
There is considerable evidence to suggest that man- 
nose-6-phosphate residues on newly synthesized lysosomal 
hydrolases serve as sorting signals that determine the 
sequestering activity within lysosomes (Kaplan et al., 1 97 7; 
Neufeld et al., 1977; Brown and Farquhar, 1982). Despite 
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voluminous reports, no single hypothesis has been proposed 
to establish a distinction between the nature and function 
of the putative intracellular and the secretory forms of 
hyaluronidase, as related to their biogenesis. However, 
Blobel and Dobberstei n ' s ( 1 975 ) signal hypothesis for pro¬ 
tein insertion into rough endomembranes may be exploited 
to establish such a distinction. It proposes that secretory 
proteins are synthesized on membrane-bound polysomes and are 
post-translationally processed to their authentic form. The 
cytoplasmic protein, on the other hand, is synthesized on 
free polysomes and remains in the cytoplasm. 
The studies reported here delineate experimental 
approaches employed in an attempt to determine the presence 
of two forms of hyaluronidase in embryonic chick brain. 
This study is aimed at elucidating the co-and-post trans¬ 
lational mechanisms by which the two putative forms of the 
enzyme are processed to authenticity within the cell. 
Furthermore, we seek to relate the location of these enzymes 
to the reported transitional levels of cytoplasmic hyalu- 
ronidase synthesized at the time of cell hyaluronate 
excision and secretion during chick brain cell differenti¬ 
a t i o n . 
CHAPTER II 
LITERATURE REVIEW 
The term Leikotoxine was first used in 1936 to describe 
a substance found in the secretions of inflamed tissues 
that was capable of increasing rabbit capillary permeability 
by causing the local accumulation of leukocytes at the sites 
of injection (Menkin, 1936). A few years later, Duthie and 
Chain (1939) in England, reported that extracts from muscle, 
skin and testes similarly increased permeability in the 
dermal layer of skin. They proposed that the skin contained 
the substrate for a "factor" present in these extracts and 
proceeded to characterize this agent. These researchers 
showed that the "factor" was also capable of acting on 
umbilical cord and vitreous humor preparations. Without 
having yet purified the actual enzyme they termed the 
agent, a "permeabi1ity increasing factor". 
In 1941, the agent was isolated in crude form from the 
leech and was shown to have a dissolving effect on the 
polysaccharides of the capsules of virulent strains of 
streptococcus (McLean, 1942). The agent was later coined 
a "po1ysaccaharide splitting enzyme" (Duthie and Chain, 
1939). In the 1940's and 501 s exhaustive research took 
place in an effort to characterize and purify what we now 
know as hya1uronidase from different sources. 
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Houck and Pearce (1957) obtained a partially purified 
form of bovine testis hyaluronidase. The focus on hyalu- 
ronidase took a new turn in 1 967 through the work of 
Aronson and Davidson, who purified and characterized the 
enzyme from rat liver. Efforts were then shifted towards 
the role of the enzyme in biochemical substrate degrada¬ 
tion. Aronson and Davidson reported that hyaluronidase 
degraded the glycosaminoglycan, hyaluronate, to smaller 
unit oligosaccharides with N-Acetyl glucosamine at the re- 
ducing end. 
Hyaluronidase has since been of major interest in the 
study of embryonic developmental processes. The progressive 
development in embryonic systems is characterized by high 
levels of hyaluronidase activity and increased hyaluronate 
concentration, both of which decline with development 
(Toole and Gross, 1971). 
In vertebrates the neural crest cells are composed of 
a group of cells which migrate from the neural fold during 
the time the folds are closing to form the neural tube. 
The crest cells give rise to numerous derivatives: periphe¬ 
ral nervous system, skeletal and connective tissues, pig¬ 
ment cells and the endocrine cells. The variety of tissues 
in which they may potentially differentiate into requires 
the migration of crest cells over long distances in the 
7 
early embryo. The cells migrate through a cell-free space 
between an overlying surface ectoderm and the neural tube, 
surrounded by an amorphus matrix. At the completion of 
migration and the beginning of further overt differen¬ 
tiation, cellular aggregation occurs and it is the timely 
removal of the selective areas of the hyaluronate matrix 
by hyaluronidase that mediates the subsequent events of 
differentiation (Pratt et al., 1975). The formation of the 
embryonic heart of the chick from the thin-walled epithe¬ 
lial tube of endocardial and myocardial cells enclosing an 
extensive extracellular matrix of cardiac jelly, to a 
differentiated, multichambered organ is a complex process 
involving extensive tissue remodeling. Hyaluronate has 
been localized in early cardiac jelly and cushion tissue, 
and becomes critical in the control of cellular migration 
and differentiation. During the early embryonic stage of 
valve formation, mesenchymal cells of endocardial origin 
migrate into a hyal uronate-ri ch matrix. This mesenchymal 
cell invasion into the cardiac jelly, which begins at day 
3, gives rise to cushion tissue which contributes to 
septum formation. Histochemical studies at the electron 
microscope levels have described a decrease in hyaluronate 
at the completion of cushion cell migration within specific 
8 
regions of the cardiac jelly (Orkin et al., 1978). At the 
time that cushion tissue development and trabecu1 ation are 
beginning epicardial formation also commences. In the 
process, mesenchymal cells external to the myocardium 
migrate onto the myocardial surface to provide an outer 
fibrous layer and invade the myocardium itself, contribu¬ 
ting to connective tissue between muscle fibers in the 
mature heart. These events require the production of 
hyaluronate during cell migration and then its removal by 
hyaluronidase as the cells migrate (Toole et al., 1978). 
It has been demonstrated in the embryonic chick 
brain that the levels of hyaluronidase decreases with the 
progressive developmental staging of the embryo (Polan- 
sky et al., 1974). Brain hyaluronidase has been shown to 
be more concentrated in the embryo than in the hatched 
chick. It is felt that hyaluronidase allows the removal 
of brain hyaluronate, thus setting the stage for morpho¬ 
genesis. In the developing brain of the chick a series 
of migrations and differentiations continue throughout 
embryonic life. The coincidental high concentrations of 
hyaluronate and marked hyaluronidase activity correspond 
to an overlapping series of neural migrations which give 
rise to a complex layer of brain cells (Polansky et al., 
1 974). 
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In view of the observations compiled from these di¬ 
verse systems, researchers have postulated a determinate 
role for the hyal uronate-hyaluronidase complex in develop¬ 
ment. It is proposed that hyaluronate allows for the 
accumulation of cells which prevents cellular interaction 
prior to tissue formation, an effect which is abolished 
by hyaluronidase at the appropriate moment in differenti¬ 
ation (Lissenmayer, 1977; Pratt et al., 1975; Margolis, 
1972). 
The effective degradation of the glycosaminoglycan, 
hyaluronate, by hya 1uronidase has led some investigators 
to question the possibility of anomalies resulting from 
deficiencies of the enzyme. Numerous pathological states 
have been attributed to improper degradation of glycos¬ 
ami nogl yeans , as a result of such deficiencies, namely: 
Hurler's, Hunter's, Marfan's, and Sanfilippo's syndromes 
as well as the I-cell disease (Meyer et al., 1957; Matalon 
and Dorfman 1966, Hickman and Neufeld, 1972). 
The nature and character of lysosomal enzymes has 
led investigators to suggest a similarity between lyso¬ 
somal, cell membrane, and secretory proteins (DeOuve and 
Wattiaux, 1 966; Rosenfeld et al., 1982 .) This similarity 
lies in the presumption that lysosomal, cell membrane, and 
secretory proteins all contain transient hydrophobic amino 
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terminal sequences that serve as signals for co-trans- 
lational insertion into endomembranes. These signals are 
cleaved by a signal peptidase, upon entry of the nascent 
polypeptides' into the lumen of the endoplasmic reticulum 
(Blobel and Dobberstein, 1975; Jackson and Blobel, 1977; 
Blobel, 1980). Lysosomal enzymes have been reported to 
undergo the same post-translational processing and proteo¬ 
lytic cleavage as membrane proteins and secretory proteins 
(Erickson and Blobel, 1979). They are vectored through the 
smooth endoplasmic reticulum and the Golgi network. In 
the Golgi system, lysosomal proteins are phosphory1ated 
on their terminal mannose residues, and directed into the 
primary lysosomal vesicles through a mannose-6-phosphate 
receptor, which is concentrated in the cis-compartment of 
the Golgi (Brown and Farquhar, 1984). 
Multiple forms of lysosomal enzymes have been demon¬ 
strated (Robinson, 1974). These include some forms which 
appear to be cytosolic (Kanfer et al., 1975; Glew et 
al., 1976 ). The role of lysosomal and ext rai ysosomal 
proteins within a cell, however, has yet to be convinc¬ 
ingly explained. That hya1uronidase may exist in two 
different forms has been suggested (Orkin and Toole, 1980; 
Houchen and Browne, 1985 ). It has been shown that one 
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form of this enzyme is synthesized on free polysomes and 
has a relative molecular weight (MWr) of 72,000 while the 
other form is synthesized on membrane-bound polysomes and 
has a MWr of 68 Kd. The latter form is, putatively, 
post-trans1 ation al 1 y modified to its authentic form of 
70,000 MWr in the lysosomes (Houchen and Browne, 1985). 
These two, putative, forms of hyaluronidase may also present 
different co- and post-translational requirements in regard 
to their modification by core and terminal oligosaccharide 
moeities . 
CHAPTER III 
MATERIALS AND METHODS 
Subcellular Fractionation of Chick Brain Tissue 
Embryonated eggs of the White Leghorn chicken, Kimber 
strain, (Haley Farms, Canton, GA) were incubated at 37°C in 
a Leahy, forced draft, incubator (Higginsvil1e, Mo.) to 
obtain the serial stages of development (Hamburger and 
Hamilton, 1951). After 4-5 days of incubation (Stage 25) 
the eggs were removed from the incubator and aseptically 
opened in physiological saline. The embryos were removed 
and placed in petri dishes containing sterile saline. The 
brains were surgically removed under a dissecting microscope 
and collected in aseptic vials filled with physiological 
saline. 
Chick embryo brains were subjected to homogenization 
(Figure 1) in 2 volumes of 0.25 M STKM buffer (85% sucrose, 
1 M triethanolamine, 2 M potassium chloride and 1 M magnes¬ 
ium chloride) for 25 complete strokes employing a glass 
hand-held homogenizer. The homogenate was centrifuged for 
5 min at 4,000 x g at 4°C in a Beck man 02-21 centrifuge. 
The supernatant was quickly collected, [post-nuclear super¬ 
natant: (PNS)], and the pellet containing the cell membrane 
and nuclear debris was discarded. To obtain the lysosomal 
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Figure 1. Experimental design for the isolation of chick 
brain fractions. All operations were performed 
at 4°C. 
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fraction the PNS was centrifuged for 10 min at 20,000 x g 
at 4°C in the J2-21 centrifuge (Beckman Instruments, Palo 
Alto, CA). The pellet containing the lysosomal fraction 
was sonicated, equally aliquoted into Eppendorf tubes, 
frozen rapidly in liquid nitrogen and stored at - 80°C in a 
Revco Ultratemp Freezer (Revco Inc., West Columbia, SC). 
The post-mitochondrial supernatant (PMS) from the latter 
spin was layered over a discontinuous gradient of sucrose 
(1.3 M, 1.5 M and 2.0 M) in STKM buffer and centrifuged at 
105,000 x g for 24 h at 4°C in a Beckman L8-70 ultracentri¬ 
fuge (Beckman Instruments, Palo Alto, CA) in a type 42.1 
rotor. Subsequently, this cytosolic fraction lying above 
the 1.3 M sucrose interface was removed, pooled and placed 
in liquid nitrogen. Membrane-bound polysomes, which were 
located between the 1.5 M and 2.0 M interfaces and appeared 
as a yellowish-brown layer, were carefully collected using 
a sterile syringe (lOcc), aliquoted into Eppendorf tubes, 
immediately quick frozen in liquid nitrogen and stored 
at - 80°C in a Revco Ultratemp freezer (Revco Inc., West 
Columbia, SC). The remaining pellet, which consisted of 
free polysomes was resuspended in 500 ul of sterile dis¬ 
tilled water, equally aliquoted into Eppendorf tubes, and 
quick frozen at -80QC in liquid nitrogen. 
Aliquots of membrane-bound polysomes and free polysome 
fractions were analyzed spectrophotometrically at 260 nm in 
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a Beckman DU 8 spectrophotometer (Beckman Instruments, Palo 
Alto, CA). RNA concentrations were determined according to 
the methods of Fleck and Munro (1962). 
Immunoprécipitation: In Vivo Analysis of Hyaluronidase 
Using Monospecific Antisera 
The aliquoted cytosolic and lysosomal fractions were 
removed from -80°C storage and thawed on ice. To 100 ul 
of each sample, 900 ul of 1% Triton buffer (1% Triton X-100, 
0.15 M NaCl , 5 mM EDTA, 50 mM Tris HCl, pH 7.4) were added 
and thoroughly vortexed (Figure 2). The addition of 10 ul 
of 20% Triton X-100 and protease inhibitor (Trasylol), 
subsequently, followed in order. The sample mixture was 
vortexed again and to it was added 10 ul of monospecific 
rabbit anti-chick brain hyaluronidase antisera prepared 
by Houchen (1984). Following thorough vortexing, the sam¬ 
ples were centrifuged for 30 seconds in an Eppendorf 
microfuge (Brinkman Model 5412, Brinkman Instruments, 
Westbury, NY) to check for precipitation. 
The samples were incubated at 37°C in a constant 
temperature water bath for 1 h. Subsequently, the tubes 
were refrigerated overnight at 4°C on a vertical turn¬ 
stile (Scientific Equipment Products, Baltimore, MD). 
Following this period, 30 ul of Protein A-Sepharose (Fine 
Pharmacia, Piscataway, NJ) were added, the samples were 
Figure 2. Experimental protocol for immunoprécipitation 
of chick brain hyaluronidase from lysosomal and 
cytosolic fractions. 
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Sample mixture III 
Add 30 ul of Protein A-Sepharose; 
incubate 1 h at room temperature 
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Wash in 0.1% SDS buffer 
by vi gourous vortexing 
followed by sonication at 
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vortexed and allowed to incubate for 1 h at room temper¬ 
ature. The incubated mix was then mi crocentrifuged in an 
Eppendorf microfuge (Brinkman 5412, Brinkman Instruments, 
Westbury, NY) to obtain the pellet. The pellet was washed 
in 0.1% SDS buffer (0.15 M Triethanolamine, pH 8.2, 7.5% 
sucrose, 0.1% SDS) by vigorously vortexing the tubes, fol¬ 
lowed by careful sonication at 30 decibels (dB). The 
washed samples were again microcentrifuged to obtain the 
clean Protein A-Sepharose-bound immunoprecipi tated protein. 
This washing process was repeated three times. The 
pellet from the final wash was solubilized using 50 ul of 
4% SDS, carefully sonicated, and boiled in a water bath for 
2 min. The samples were allowed to cool and then micro- 
centrifuged (Brinkman 5412, Brinkman Instruments, Westbury, 
NY) for 2 min. The supernatant containing the immunopreci- 
pitated product was carefully collected and used for the 
subsequent assays. 
Enzyme Assay for Hya 1uronidase 
The activity of hyaluronidase was used to indicate its 
presence in immunoprecipitated fractions. Cytosolic and 
lysosomal fractions, 100 ul each, were immunoprecipitated 
using Houchen (1984) prepared monospecific antisera against 
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hyaluronidase, according to the procedure of Po1 an sky et 
al., (1974), described in the following section. Total 
samples were collected and processed by sodium dodecyl- 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 
The samples were electropho resed for 18 h at 17 mAmps 
using an ISCO power supply (Model 493; Instrumentation 
Specialities Co., Lincoln, Nebraska) and protein bands 
which migrated at the approximate molecular weight range 
via compared standards were excised. These proteins were 
eluted from excised bands by electroelution at 15 mAmps for 
8 h. 
The collected protein samples were dialyzed against 
an aliquoted volume of 1:5000 formate buffer, pH 3.7 in 
Spectra dialysis/ultrafiltration membranes (Allied Corp., 
Pittsburg, PA) ranging from 1000-25,000 in molecular weight 
cut-off, at 4°C. Dialyzed samples were concentrated to a 
volume of 1 ml in Amicon mi ni concentrator filters (W. R. 
Grace Corp., Danvers, MA). 
The concentrated samples were taken up in 0.5 ml of 
formate buffer, pH 3.7, in clean glass screw-capped tubes. 
One-half (0.5) ml of human umbilical cord hyaluronic acid 
(10 mg/ ml of buffer) (Sigma Chemical Co., St. Louis, M0) 
was added to each tube to initiate the reaction. Samples 
were incubated for varying periods up to 8 h at 37°C in a 
temperature-controlled water bath. Enzyme activity was 
measured, spectrophotometrically, by the color reaction of 
p-dimethyl - aminobenzaldehyde (DMAB) with the cleavage pro¬ 
duct of hyaluronate, N-acetylglucosamine (Glu Nac) at 544 
nm as first described by Reissig et al., (1955). The reagents 
consist of 0.8 M potassium tetraborate (pH 9.1), DMAB (10 
gm in 100 ml of concentrated acetic acid), and 10 N HC1 
(12.5% v/v) diluted 6 times with concentrated acetic acid 
immediately before use. One-half of the samples, a stand¬ 
ard (bovine testis hyaluronidase; Sigma Chemical Co., St. 
Louis, Mo.) and a blank, were taken up in 0.5 ml of formate 
buffer. One-tenth (0.1) ml of potassium tetraborate was 
added and the tubes were heated in boiling water for 
exactly 3 min. Subsequently, the tubes were removed, 
cooled, and 3 ml of the DMAB reagent added to each tube. 
The contents were mixed and the tubes were placed in a 
water bath at 37°C for 20 min. The tubes were finally 
cooled in tap water and the color which developed was 
immediately read at 544 nm using a Beckman DU-8 spectro¬ 
photometer (Beckman Instruments, Palo Alto, CA). Optical 
densities were then converted to concentrations of Glu-Nac 
released (Reissig et al., 1955). 
Affinity Chromatography 
Core and terminal glycosylation of the immunoprecipita- 
ted hyaluronidase were assessed employing Concanavalin A 
(Con A)-Sepharose (Fine Pharmacia, Piscataway, NJ) and 
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Ricinus commun i s-Aga ros e (Pharmacia, Piscataway, NJ ) affi¬ 
nity chromatographic systems, respectively. 
a. Con A-Sepharose 
The washed and processed Con A-Sepharose was packed in 
a minibed column and equilibrated overnight in an Equili¬ 
brating buffer (EB) containing 0.01 mM EDTA, 0.01 M Tris 
acetate at pH 7.4 and 20% glycerol at 4°C (Reinwald et al., 
1981 ) . 
Immunoprecipitated fractions derived from the cytoso¬ 
lic and lysosomal samples were dialyzed overnight against 
the EB (1:5000) to remove persistant SDS which might inter¬ 
fere with the binding properties of the resin. The two 
fractions were then loaded onto separate columns at 4°C and 
the filtrate (nonbinding volume) was collected using the EB 
as the elutant. Binding fractions (core glycosylated pro¬ 
teins) were collected by elution from the column with the 
equilibrating buffer to which 0.1 M of the uncoupling 
ligand, alpha-D-methyl mannoside, was added. 
The absorbance of the eluted fractions was measured at 
280 nM, using a Beckman DU-8 spectrophotometer (Beckman 
Instruments, Palo Alto, CA). The absorbance profiles were 
established from these readings. The peak lysosomal and 
cytosolic fractions eluted from Con A-Sepharose, and thus 
known to be core glycosylated, were pooled and concentrated 
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using an Amicon protein concentrator (Amicon, W. R. Grace 
and Co., Danvers, MA). The concentrated samples were 
collected and used either for subsequent loading onto the 
Ri ci nus communis-Agarose affinity column or saved for 
resolution on SDS-PAGE. 
b. Ricinus communis-Aga rose 
A 0.5 ml bed of Ricinus communis-Agarose lectin was 
equilibrated for 1 h with an equilibrating buffer which 
contained 10 mM Tris-HCl at pH 7.5, 150 mM NaCl, 0.5 mM 
MgCl2, 1 mM DTT, 12 ug/ml bovine serum albumin (BSA) and 
0.5% SDS. The sample fractions were then diluted with four 
volumes of elution buffer composed of 150 mM NaCl, 10 mM 
Tris-HCl at pH 7.5, 0.5 mM MgCl2, 1 mM DTT and 0.5% SDS. 
The diluted volumes were then applied to the respective 
columns. The void volume, which represented non-terminally 
glycosylated proteins, was obtained by washing with the 
elution buffer. Terminally glycosylated proteins were 
removed from the column by washing with elution buffer 
containing 0.2 M alpha-methyl-D-mannoside. Collected frac¬ 
tions were concentrated and prepared for SDS-PAGE. 
SDS-Polyacrylami de Gel Electrophoresis of Hyaluronidase 
All protein samples were el ectrophoresed on 7.5 to 
15% gradient pol yacrylami de gels, as described by Laemmli 
(1972). Thirty ul of the protein samples were complemented 
22 
with a loading buffer containing of 2 ul of 1 M Tris-base, 
2 ul of 0.1% bromophenol blue, 3 ul of 0.5 M Dithiothrieto1 , 
and 15 ul of 60% sucrose. The mixure was boiled for 2 min 
and allowed to cool to room temperature (25°C). The mixture 
was subsequently alyklated by adding 10 ul of 1 M iodoacet- 
amide followed by incubation for 20 min at 37°C to modify 
the cysteine residue side chains, affording increased 
electrophoretic resolution of the proteins. Loaded gels 
were run for approximately 12 h at 17 m Amps using an ISC0 
power supply (Model 493; Instrumentation Specialities Co., 
Lincoln, Nebraska). Gels were stained with Coomassie bril¬ 
liant blue and destained with methanol and acetic acid 
solutions. 
Approximation of Molecular Weights 
Molecular weight standards (Fine Pharmacia, Piscata- 
way, N.J.) were solubilized in 4% SDS and resuspended in 
the aforementioned loading buffer. The molecular weight 
standards: Pho s pho ry 1 a se B, 94 Kd; Bovine serum albumin, 
68 Kd; Ovalbumin, 43 Kd; Carbonic Anhydrase, 30 Kd; Soybean 
Trypsin Inhibitor, 20 Kd and alpha Lactalbumin, 14.5 Kd 
were electrophoresed adjacent to the experimental samples. 
The molecular weight of hyaluronidase was determined 
by comparing its relative mobility to profiles of the 
aforementioned protein standards on 12.5% SDS-PAGE gels. 
The length of the gel was determined prior to and after 
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staining with Coomassie Brilliant Blue. The distance of 
the dye front as well as that of all proteins was measured. 
The relative mobilities (RM) of the proteins were calculated 
as follows: 
PM Migration of protein x length of gel prior to staining. 
=Distance of M dye front x gel length after staining. 
Logrithims of the protein markers were plotted versus 
relative mobilities. The log of hyaluronidase was obtained 
from the graph and converted to anti- log to arrive at the 
molecular weight (Weber and Osborn, 1969). 
In Vitro Translation 
The j_n vi t ro incorporation of 35s_methionine into 
synthesized hyaluronidase was performed in a cell-free 
rabbit reticulocyte lysate (Promega Biotec, Madison, Wis¬ 
consin) according to the methods of Pelham and Jackson 
(1976). Translations were achieved by programming the 
lysate with free and membrane-bound polysomal (MBP) pre¬ 
parations derived from stage 25 chick embryo brains. Exp¬ 
erimental titrations of free and mernbrane-bound polysomes 
were performed initially to determine the amount of RNA 
that would function optimally in a 25 ul translation sys- 
t em. 
Twenty-five microliters of the total translation 
mixtures contained: (2 ul distilled water, 2 ul free or 
membrane-bound polysomes; 5 ul Energy Mixture at pH 7.4 
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[0.1 M ATP, 0.2 M GTP, 0.6 M Creatine Phosphate, 10 ul 
35 S-methionine (specific-activity > 1400 mCi/mmol), 8 mg/ml 
creatine phosphokinase] ; sterile distilled water; 2.5 ul 
compensation buffer (1 M Tris-HCl at pH 7.4, 0.4 M potassium 
chloride, 1 M magnesium chloride and distilled water); and 
12.5 ul of micrococcal nuclease digested lysate. The 
lysate mixture was digested by adding 2 ul of micrococcal 
nuclease per 100 ul of lysate and 1 ul of 1 M calcium 
chloride per 100 ul of lysate, respectively. The lysate 
mixture was incubated at room temperature for 12 min. 
The reactions were terminated by the addition of 2 ul of 
0.1 M ethylene glycol-bis-(beta-ami no ethyl ether) N,N‘- 
tetra-acetic acid (EGTA)/100 ul of lysate, and used immedi¬ 
ately thereafter. Total j_n vitro translation mixtures were 
incubated in a 29°C water bath for 59 min. 
The co-translational requirements for the processing of 
the native proteins synthesized on free polysomes (FP) was 
monitored by performing the j_n vi t ro translations in the 
presence of 4 equivalents of ribosomally stripped dog pan¬ 
creatic microsomal membranes (one equivalent equals the 
amount of dog pancreatic membrane that will process 50% 
prolactin mRNA). Putative polypeptide insertion into DPM 
was determined by proteolysis of the cytop1 asmically exposed 
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domains of the proteins with the addition of 80 micrograms/ 
ml of trypsin and chymotrypsin, post-tran s 1 ation al 1 y. Pro¬ 
teolysis was carried out at 0°C for 3 h and terminated by 
the addition of 20 ul of Trasylol (Rosenfeld et al., 1982). 
Spectrophotometric Analysis of In Vitro Incorporated 35$, 
Methionine into Translated Products 
To assess the incorporation of 35s-methionine into 
nascent polypeptides, 5 ul aliquots from each translation 
reaction were spotted onto Whatman 3M filter fiber disc for 
scintillation counting. The discs were chilled in 10 % 
trichloroacetic acid (TCA) for 10 min, removed and boil ed 
in fresh 5 % TCA for 3 min. Subsequently, the discs 
were submerged in a beaker containing ethanol: ether (50:50) 
for 15 min under the hood. The ethanol: ether mixture 
was decanted and ethyl ether added to the beaker, under the 
hood, to submerge the discs for 15 min. The ethyl ether 
was removed and the discs were air-dried, placed in a 
toluene-base scintillation fluid (Beckman, Fullerton, CA), 
and counted in a Beckman LS 7500 scintillation counter 
(Beckman Instruments, Palo Alto CA). 
Immunoprécipitation of the In Vitro Translated Products 
Hyaluronidase was immunopreci pi tated from the in 
vitro translated products according to the methods of 
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Shields and Blobel ( 1978). Sodium dodecyl sulfate (SDS) 
was added to the total translation mix so that the final 
concentration of SDS was 2%. Ten ul of Trasylol were 
added; the mixture was vortexed and boiled for 2 minutes. 
Aliquots of 1.25 volumes of Triton buffer (5 ml of 1 M 
Tris at pH 7.4, 9.5 ml of 2 M NaCl, 3.1 ml of 0.2 M EDTA, 
12.5 ml of 20% Triton X-100; taken up to a volume of 180 
ml with distilled water) were added and this mixture was 
thoroughly vortexed. Subsequently, this mixture was 
aliquoted into two separate tubes to which 10 ul of 
monospecific antiserum or non-immune serum were added, 
respectively. The samples were vortexed and then micro- 
fuged for 30 seconds to check for precipitation, and then 
incubated for 1 h at 37°C in a constant temperature water 
bath. After this period, 40 ul of Protein A-Sepharose 
were added to each sample, and further incubated for 1 h 
at room temperature. Pellets were obtained from these 
samples by microcentrifugation for 2 min. A comparable 
aliquot of 1 % Triton buffer was added to the pellets for 
repeated washing (X3). The pellets were then sonicated 
at 30 dB to disperse the Protein A-Sepharose antigen- 
antibody complexes. Fifty ul of 4 % SDS were then added 
to the final pellet to remove Protein A-Sepharose. The 
samples were vortexed, boiled for 2 min and mi crocentr i- 
fuged at 15,000 x g to remove the pellets. The collected 
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supernatants containing j_n vitro translated and immuno- 
precipitated chick brain hyaluronidase were electropho- 
resed on 12.5% SDS-PAGE. The gels were dried under 
vaccum for 12 h and exposed in the dark to Kodak RP-X- 
O-Mat film (Kodak, Rochester, NY) for 72 h at -20°C. 
The film was, subsequently, developed in an automatic 




In Vivo Immunoprécipitation of Hyaluronidase from Chick 
Brain Homogenate 
Chick brain hyaluronidase was isolated from lysosomal 
and cytosolic fractions using monospecific rabbit anti-chick 
brain hyaluronidase antisera. Sodium dodecyl sulphate poly¬ 
acrylamide gel electrophoresis (SDS-PAGE) performed on the 
immunoprecipitated product revealed that hyaluronidase was 
located in both the lysosomal and cytosolic fractions 
(Figure 3, Lanes 2 and 3). The immunoprecipi table hyaluroni- 
dase from the lysosomal and cytosolic fraction both migrated 
at an approximate molecular weight of 65,000 daltons. 
Enzyme Assay for Hyal uroni dase 
Immunoprecipitated products from lysosomal and cyto¬ 
solic fractions were assayed for activity of hyaluronidase 
as described by Reissig et al., 1955. Enzymatic activity 
curves from both fractions demonstrated behavior consistent 
with that of hyaluronidase (Polansky et al., 1974) when 
bovine testis hyaluronidase (Sigma Co., St. Louis, MO) was 
used as the standard and human umbilical cord hyaluronate 
as substrate (Figures 4 and 5). As can be seen, activity 
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Figure 3 . SDS-polyacrylami de gel electrophoresis (12.5%) 
profiles of in vivo immunoprecipitated 
hyaluronidase from lysosomal and cytosolic 
fractions. 
Lane 1. Molecular weight marker 
(arrow: the 68 Kd marker, albumin) 
Lane 2. Lysosomal immunoprecipitate (*) 
Lane 3. Cytosolic immunoprecipitate (*) 





Figure 4. Enzymatic ( hya 1uronidase) activity plot 
of immunospeci f i cal ly precipitated chick 
brain lysosomal fractions. (Units are 
defined as micrograms of N-acetyl hexo- 
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Figure 5. Enzymatic ( hyaluronidase) activity plot 
of immunospecifically precipitated chick 
brain cytosolic fraction. (Units are 
defined as micrograms of N-acetyl hexo- 
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plots remained linear over the 8 h experimental period. 
The specific activity of the lysosomal and cytosolic pro¬ 
teins as calculated is shown in Table 1. 
Affinity Chromatography 
a. Concanavalin A-Sepharose 
The elution profile (Figure 6) illustrates the behavior 
of the immunoprecipitates on the Con A-Sepharose affinity 
columns. Noticeably, the lysosomal and the cytosolic frac¬ 
tions were bound to the lectin indicating that hyaluroni- 
dase, immunopreci pi tat ed from both fractions, possess pro¬ 
perties of being core glycosylated. This is readily inferred 
because the Con A-lectin has high specificity for core¬ 
sugars of glycoproteins. 
SDS-PAGE analysis of the eluted proteins, after pool¬ 
ing and concentrating the respective fractions, is shown 
in Figure 7. Lane 3 reveals the existence of a single 
core glycosylated species which binds from the lysosomal 
fraction and migrates at approximately 65,000 daltons. 
The eluted cytosolic protein displayed similar behavior, 
migrating as a single protein band at approximately 65 Kd 
(Figure 7, Lane 6). 
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Table 1. Specific Activity of Hyaluronidase Immunopreci- 
pitated from Lysosomal and Cytosolic Fractions. 
Micro g rams of Specific* 
F raction G1u NAc Released Mg of Protein activity 
Lysosomal 1.16 1.53 0.76 
Cytosolic 0.85 1.24 0.68 
♦Specific activity: Ug Glu NAc/mg protein, determined by 
colorimetrically measured O.D. Units of Glu-NAc released at 
544 nm, as described by Reissig et al., 1955. 
Figure 6. Elution profile of Concanavalin A-Sepharose 
affinity chromatographed immunoprecipitates 
of chick brain hyaluronidase(s) in lysosomal 
and cytosolic fractions. Immunoprecipitates 
were eluted with 0.1 M alpha methyl-D-mannoside 
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Figure 7 . SDS-polyacryl amide gel electrophoresis (12.5%) 








Molecular weight markers 
(arrow = 68 Kd marker, albumin) 
Sonicated lysosomal homogenate 
Lysosomal immunospecifically 
precipitated product analyzed 
by Con A-Sepharose affinity chroma- 
tog raphy 
Lysosomal immunospecifically 
precipitated product analyzed by 
Ricinus communis-Agarose affinity 
chromatography 
Sonicated cytosolic fraction 
Sonicated immunospecifically 
precipitated product analyzed 
by Con A-Sepharose affinity 
chromatography 
. Cytosolic immunospecifically 
precipitated product analyzed by 




b. Ricinus communis-Agarose 
The 65 Kd lysosomal protein appeared non-binding to 
Ricinus communis-Agarose lectin columns as shown by optical 
density readings of the eluate at 280 nm. Furthermore, 
SDS-PAGE analysis (Figure 7, Lane 4) of the eluted volume 
revealed the absence of proteins in this fraction when 
stained with Coomassie brilliant blue, proving that the 
lysosomal form of hyaluronidase lacks terminal carbohy¬ 
drate moieties. 
The cytosolic 65 Kd form of hy a 1 uro n i d ase , on the other- 
hand, was found to bind to the lectin column. The protein 
was removable only by elution with alpha-methyl-D-mannoside 
(Figure 8) proving that it is a terminally glycosylated 
protein. Resolution of the eluted protein by SDS-PAGE is 
shown in Figure 7, Lane 7. 
In Vitro Translation of Hyaluronidase 
Maximum translational efficiency, defined as the maxi¬ 
mum amount of protein synthesized per mg of mRNA as re¬ 
flected in optimum 35$_methioni ne incorporation, was achi¬ 
eved using 5 ul aliquots of MBP and 9 ul aliquots of FP 
(Figure 9). A26O unit analyses correspond to 8.5 and 6.9 
mg/ml mRNA, respectively. 
Figure 8. Elution profile of Ricinus communis-Agarose 
affinity chromatographed immunoprecipitates 
of chick brain hyaluronidase(s) in lysosomal 
and cytosolic fractions. Immunoprecipitates 
were eluted with 0.1 M alpha methyl-D-mannoside 
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Total 35s-methionine incorporation into synthesized 
proteins in 25 ul translation mixtures was 3.6 x 10 ^ 
count/mi n in MBP and 2.58 x 1 0 5 counts/min in FP. The 
co-translational addition of exogenous membrane (DPM) 
resulted in a slight decrease in the overall translational 
efficiency of the systems. Translation mixtures programmed 
with MBP rendered counts of 3.15 x lO^/min with DPM, while 
FP systems produced counts in the order of 2.0 x lO^/min. 
Immunoprécipitation of Hyaluronidase from Translational 
Mixtures 
SDS-polyacrylamide gel electrophoresis followed by 
fluorography revealed that hya1uronidase was immunopreci- 
pitable from translational mixtures programmed by membrane- 
bound polysomes but not by free polysomes (Figure 10, Lane 
2 and 5). The two immunoprecipitable forms of hyaluroni- 
dase were visualized having average molecular weights of 70 
and 72 Kd. 
Co-and Post-Translational Requirements of In Vitro Syn¬ 
thesized Hyaluromdase   
The co-and post-1rans1 ational processing of hyaluroni- 
dase synthesized by the polysomal preparations was monitored 
Figure 9. Experimental titration curve showing 
differences in the level of translational 
efficiency when free and membrane-bound 
polysomal preparations are used as the 
source of mRNA in the j_n vitro translation 
regime. (Counts per min x 10^, in a 
Beckman LS 7500 scintillation counter.) 
One aliquot of free polysome = 6.9 mg/ml mRNA 
One Aliquot of membrane-bound polysome = 







Fluorographic composite of immunoprecipit 
ated products following the in vitro 
translation (IVT) regime. 
Lane 1 . ^C-Molecular weight markers 
(arrow = 68 Kd marker, albumin) 
Lane 2. IVT plus MBP : Anti serum (*) 
Lane 3. IVT plus MBP : Non-immune sera 
Lane 4. IVT plus MBP : Followed by enzymati 
p roteolys i s with trypsin and 
chymotrypsi n (*) 
Lane 5. IVT plus FP: Anti sera 
Lane 6. IVT plus FP: Non-immune sera 
Lane 7. IVT plus FP : Followed by enzymatic 
proteolysi s with trypsin and 
chymot rypsin 
Lane 8. IVT plus FP and DPM 
Lane 9. IVT plus FP and DPM: Foil owed by 
enzymatic proteolysis with trypsin 
and chymotrypsin 
♦(arrows in lanes two and four = the 70 and 








by performing the j_n vitro regime in the presence of 
ribosomally stripped dog pancreatic microsomal membranes 
followed by enzymatic proteolysis. Figure 10 shows results 
obtained when trypsin and chymotrypsin were added post- 
translational ly to a system programmed with MBP. Both the 
70 Kd and the 72 Kd forms of hyaluronidase were protected 
from proteolytic digestion suggesting insertion of cyto¬ 
plasmic domains of the polypeptide into the membrane. 
When the translational system was programmed with FP 
it was found that hyaluronidase was not synthesized. The 
effect of proteolysis in this system, thus, does not account 
for the co- and post-translational requirements of hyalu- 
ronidase (Figure 10, Lanes 7-9). 
CHAPTER V 
DISCUSSION 
High molecular weight, glycoconjugates are major com- 
ponents of the cell membrane and are characteri stic com¬ 
ponents of the extracellular matix. These macromolecules 
are composed of hyaluronic acid and glycoproteins. Despite 
its minor proportion in weight, the large molecular size 
and extensive hydro dynamic domain of hyaluronic acid and 
its complexes with proteoglycans contribute greatly to a 
structural and regulatory role in the extracellular matrix 
of embryonic systems. 
It has been shown that during embryonic chick brain 
development, high levels of hyaluronate and hyaluronidase 
activity correspond to an overlapping series of neuronal 
migrations and differentiations which give rise to complex 
layers of brain cells (Toole et al., 1971). Whether the 
transitions in the composition of the extracellular matrix 
that induce these morphogenetic changes occur either com¬ 
partmentalized or by a migratory removal - proliferation 
mechanism (Polansky et al., 1974) remains unclear. 
Acid hydrolases have been shown to exist exclusively 
in low pH environs, such as lysosomes (De Duve, 1966). 
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Hya1uronidase has one of the lowest pH optimums of all 
lysosomal enzymes (Aronson et al., 1967). Repeated studies 
have shown that lysosomes are able to engulf hya1uronidase 
substrates, and conduct their complete removal by degrad¬ 
ation in an jjn vi vo system within 4 days (Aronson and 
Davidson, 1967). Thus, it seems very unlikely that this 
would be the sole mechanism by which hyaluronate - glyco- 
conjugates would be acted upon in the embryonic system. 
Earlier studies conducted in this laboratory provided 
evidence to suggest the existence of two forms of the 
enzyme, hya1uronidase, based on putative independent sites 
of synthesis (Houchen and Brown, 1985). In a separate 
laboratory, Orkin and colleagues ( 1980) have similarly 
demonstrated two forms of hyaluronidase as determined by 
differential sensitivity to neuraminidase digestion. In 
the current study, we focused on elucidating the mechan¬ 
ism by which these two putative forms of hya1uronidase 
originate within the cell, by relating their location 
as well as patterns of processing with their possible 
intracellular function. 
We have, thus, successfully isolated hyal uronidase from 
two distinct chick brain sub-cellular fractions using mono- 
specific rabbit anti-chick brain fluid antisera. One 
species, derived from lysosomes, was shown to migrate as a 
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single protein band on SDS-PAGE, with an approximate mole¬ 
cular weight of 65 Kd (Figure 3). When examined for core- 
linked oligosaccharides on Con A-Sepharose, the protein 
appears to be core glycosylated since it binds to the lectin 
and is eluted only with 0.1 M alpha-methyl mannoside (Figure 
6). In our hands, the known inconsistencies in the use of 
the Con A-affinity chromatography system as a result of 
the interference of residual SDS with the binding properties 
of the lectin, were circumvented by first dialyzing the 
protein against a 1:5000 volume of formate buffer for 12 h. 
In subsequent studies with these concentrated Con A eluates, 
which would indicate the presence of terminally linked sugar 
moieties through binding to the lectin, Ricinus communis, it 
was revealed that the protein lacks terminal glycosylation 
properties (Figure 8). Examination of void volumes showed 
protein peaks at 280 nm that resolved into a 65 Kd protein 
band on SDS-PAGE. Uncoupled eluted volumes from the affi¬ 
nity columns were devoid of protein peaks at 280 nm. These 
results are compatible with the current theories for the 
synthesis of lysosomal hydrolases (Rosenfeld et al., 1 982 ). 
The other immunoprecipitabl e form of the enzyme was located 
in the cytosol. The two forms appeared somewhat alike in 
that the cytosolic protein also displayed behavior of being 
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core glycosylated when assayed by Con A-sepharose (Figure 
6). When eluates were assayed on Ricinus communis-Agarose, 
however, they proved to be vastly different (Figure 8). 
The 65 Kd cytosolic protein binds strongly to the Ricinus 
lectin implying that it has terminal carbohydrates, thus 
confirming evidence (Orkin and Toole, 1980; Houchen and 
Browne, 1984) that there are indeed two different forms of 
hya1uronidase . The results suggest that the two proteins 
are differentially modified during their synthesis as well 
as processed through different pathways, putatively past 
"rough" endoplasmic reticulum domains, prior to being 
delivered to their cellular sites of function. 
Earlier analysis of the cytosolic hya1uronidase frac¬ 
tion provides interesting correlations (Waindi, 1980). 
This investigator discovered that cytosolic samples, which 
were not subjected to sonication, showed minimal enzymatic 
activity for hya1uronidase when human umbilical cord hyalu- 
ronate was used as substrate. Sonicated samples, on the 
other hand, displayed typical enzymatic activity behavior 
when the colorimetric reactions were assayed at 544 nm. 
Sonication, thus, disrupted the confining membrane al 1owing 
the enzyme to be released for action upon its substrate _i_n 
vit ro. 
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In the current study, the existence of two forms of 
hyal uron idase, particularly a vesiculated cytosolic form, 
led us to question its role in the cell. To better under¬ 
stand the function-location aspect, we sought to investi¬ 
gate the manner in which the proteins are synthesized by 
conducting i_n_ vitro translation experiments using free 
and membrane-bound polysomes as the sources of mRNA. Free 
polysomes, described as ribosomes devoid of membranes, syn¬ 
thesize cytoplasmic proteins. Membrane-bound polysomes, 
conversely, possess signal sequences capable of directing 
the co-translational translocation of proteins into the 
lumen of the ER membrane (Amar-Costesec et al., 1974; 
Adelman and Blobel, 1980). 
We found in this investigation that _i_r^ vitro trans¬ 
lational systems programmed with MBP synthesized two mole¬ 
cular weight forms of hyaluronidase (Figure 10). The two 
forms, which were first observed in 1984 by Houchen and 
Browne, had an average molecular weight of 70 and 72 Kd, 
respectively, and appeared insensitive to proteolytic 
digestion by trypsin and chymotrypsin. Additionally, both 
forms were, co-transiationally , inserted across the mem¬ 
brane. When Jji vi t ro translation regimes were programmed 
with FP, hya 1 uronidase could not be immunoprecipitated as a 
synthesized product (Figure 10). 
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We propose a possible explanation for the biogenesis 
of the forms of hyaluronidase in the embryonic chick brain 
system, and their functional relationship with their cell¬ 
ular locale (refer to Figure 11). Accordingly, the lyso¬ 
somal protein follows the known synthetic pathway for 
lysosomal hydrolases, as it is synthesized on rough micro- 
somes and, co-translationally, sequestered into the lumen 
of the endoplasmic reticulum (Erickson and Blobel, 1979; 
Rosenfeld et al., 1982). Lysosomal hya1uronidase then adds 
mannose to its asparagine residues. The core glycosylated 
protein is transported through the ER to the cis-Golgi 
where it acquires a phosphate group at it mannose-6 residue 
(Sly, W.S. and H.D. Fisher, 1982), through a two step 
exchange reaction involving the enzyme N-acety1 - g 1ucosaminy1 
phosphotransferase. This enzyme, selectively, phosphoryl¬ 
âtes lysosomal enzymes, and thus, is capable of recognizing 
non-lysosomal glycoproteins at high concentrations (Reitman 
et al., 1981). As reported, the mannose-6-phosphate groups 
then serve as the critical recognition marker for the 
segregation of the hydrolase to its lysosomal compartment. 
The protein, by way of its mannose-6-phosphate sorting 
signal, binds to specific mannose-6-phosphate receptors 
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which are concentrated on the cis-Golgi membrane (Brown and 
Farquhar, 1984). The ligands are removed and delivered 
without further processing, via vesicular carriers to pre- 
lysosomal compartments, where low pH stimulates dissoci¬ 
ation thereby completing the delivery process (Gonzalez- 
Noriega et al., 1 985 ). 
On the other hand, we believe that the cytosolic form 
of hyaluronidase initially foliows a similar route as the 
lysosomal protein but, is sorted differently at the cis- 
Golgi compartment. A terminally glycosylated cytosolic 
hyaluronidase indicates that it does not become labeled 
with a phosphate recognition marker at its mannose-6 resi¬ 
due. It is, thus, not destined for the lysosomes but, 
rather travels via the secretory pathway where it is pro¬ 
cessed through the medial and trans Golgi network within 
which it is further modified and ultimately becomes termi¬ 
nally glycosylated. The cytosolic hyaluronidase is, sub¬ 
sequently, packaged and targeted to the plasma membrane, 
via vesicles, to be released into the extracel 1u1 ar matrix. 
A composite view of the cytosolic form of hyaluronidase 
is gained when we understand that the function of the enzyme 
in the developing embryonic system is to act upon the glyco- 
cojugates of the ext race!1u1 ar matrix, namely, hyaluronic 
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acid, thus providing an environment for cellular migra¬ 
tion and differentiation. 
Summarily, we could ascertain from our studies, which 
show cytoplasmic compartmentalization , that cytosolic hyalu- 
ronidase could be reinternalized at the plasma membrane by 
endocytosis (Nuetra et al., 1985). A priori cytoplasmic 
hyaluronidase may in fact be a "recycled" protein (Figure 
11). 
We have, thus, provided experimental evidence in this 
study which supports the existence of two forms of hyalu- 
ronidase in embryonic chick brain. The two proteins appear 
localized in distinct intracellular compartments and follow 
separate pathways of bio-synthesis, i.e., they are post- 
translational ly processed differentially through the endo- 
membrane system. 
Figure 11. Hypothetical construct of the synthesis 
and processing of hyaluronidase in 
embryonic chick brain cells. 
The schematic shows the synthesis of both 
forms of hyaluronidase on membrane-bound 
polysomes and their differential post- 
translational processing. We propose that: 
One form (1, in the schematic) follows 
the known pathway for lysosomal enzyme sorting 
(Rosenfeld et al., 1982) through a mannose- 
6-phosphate receptor ligand complexing in 
the cis Golgi (Brown and Farquhar, 1984). 
This lysosomal form becomes compartmental¬ 
ized at the Golgi and pinches off into the 
cytopi asm. 
The second form (2, in the schematic), 
however, is processed throughout the entire 
endomembrane system, and becomes terminally 
glycosylated. The protein travels via 
vesicles to the plasma membrane, where it 
is extruded into the extracellular milieu 
to act upon its substrate, hyaluronate, 
and is later internalized at the plasma 
membrane by endocytosis (Neutra et al., 







Summarily, the data obtained in this study are as 
follows: 
1. Immunoprécipitation of embryonic chick brain 
sub-cellular fractions with monospecific 
antisera revealed that two forms, lysosomal and 
cytosolic, of hyaluronidase are synthesized. 
2. _I_n vitro synthesis of hyal uroni dase in trans¬ 
lation systems programmed with free and membrane- 
bound polysomes show that hyaluronidase is 
synthesized exclusively on membrane-bound 
polysomes. 
3. The lysosomal form of hyaluronidase appears 
core glycosylated by Concanavalin A-Sepharose 
and has a average molecular weight of 65 Kd 
on 12.5% SDS-PAGE. 
4. The cytosolic protein appears to have both core 
and terminal carbohydrate moeities as determined 
by affinity chromatography studies on Con A- 
Sepharose and Ri ci nus communis-Agarose, respect¬ 




Aronson, N. and F. Davidson. 1967 . Lysosomal hyaluroni- 
dase from rat liver. J. Biol. Chem. 242:437-444. 
Baenziger, J. U. and D. Fiete. 1979. Structural determi¬ 
nants of Concanavalin A specificity for oligosaccha¬ 
rides. J. Biol. Chem. 254:2400-2407. 
Blobel, G. and B. Dobberstein. 1975. Transfer of proteins 
across membranes. I. Presence of proteolytically 
processed and unprocessed nascent immunoglobulin 
light chains on membrane-bound ribosomes of murine 
myeloma. J. Cell Biol. 67:835-851. 
Blobel, G. 1980. Intracel1ular protein topogenesis. Proc. 
Natl. Acad. Sci., USA. 77:1496-1500. 
Bollet, A. J., W. M. Bonner, and J. L. Nance. 1963. The 
presence of hyal uronidase in various mammalian tissues. 
J. Biol. Chem. 238:3522-3534. 
Brown, W. J., J. Goodhouse, and M. G. Farquhar. 1986. Man- 
nose-6-phosphate receptors for lysosomal enzymes 
cycle between the Golgi complex and endosomes. J. 
Cell Bio. 103:1235-1247. 
Brown, W. J. and M. G. Farquhar. 1984. The mannose-6- 
phosphate receptor for lysosomal enzymes is concen¬ 
trated in the cis Golgi cisternae. Cell. 36:295-307. 
52 
53 
Craft, J. A., M. B. Cooper, M. R. Estai 1, D. E. Rees, and 
B. R. Rabin. 1979. The role of components of the 
endoplasmic reticulum in biosynthesis of cytochrome 
P-450. Eur. J. Biochem. 96:379-391. 
DeDuve, C. and R. Wattiaux. 1966. Function of lyso¬ 
somes. Ann. Rev. of Physiol. 28:435-492. 
Duthie, E. and E. Chain. 1939. Polypeptide responsible 
for some of the phenomena of acute inflammation. Brit. 
J. Exp. Path. 20:417-429. 
Erickson, A. H. and 6. Blobel. 1979. Early events in the 
biosynthesis of the lysosomal enzyme cathepsin D. J. 
Biol . Chem. 154:117 71-1 17 74. 
Fleck, A. and H. N. Munro. 1962. The precision of ultra¬ 
violet absorption measurements in the Schmidt-Thann- 
hauser procedure for nucleic acid estimation. Bio¬ 
chem, Biophys. Acta. 55:571-583. 
Gabel, C. A. and K. Kornfeld. 1984. Targeting of beta- 
glucuronidase to lysosomes in mannose-6-phosphate 
receptor-deficient MOPC 315 cells. J. Cell Biol. 
99:296-305. 
Gonzalez-Noriega, A., J.H. Grubb, V. Falkad, and W. S. Sly. 
1980. Chloroquine inhibits lysosomal enzyme pino- 
cytosis and enhances lysosomal enzyme secretion by 
impairing receptor recycling. J. Cell. Biol. 
85:839-852. 
54 
Geuze, H. J., J . W. Slot, G. Strous, A. Hasilik, and K. V. 
Figura. 1985. Possible pathways for lysosomal enzyme 
delivery. J. Cell. Biol. 101:2253-2262. 
Glew, R. H., S. P. Peters, and A. R. Christopher. 1976. 
Isolation and characterization of beta-glucosidase 
from the cytosol of rat kidney cortex. Bioch. Bio- 
phys. Acta. 422:179-199. 
Hamburger, V. and H. L. Hamilton. 1951. A series of 
normal stages in the development of the chick embryo. 
J. Morphology 88:49-92. 
Hasilik, A. and E. F. Neufeld. 1980. Biosynthesis of 
lysosomal enzymes in fibroblast-synthesis as a pre¬ 
cursor of higher molecular weight. J. Biol. Chem. 
255:4946-4950. 
Hasilik, A., V. Klein, A. Waheed, G. Strecker, and K. Von 
Figura. 1980. Phosphorylated oligosaccharides in 
lysosomal enzymes. Indentification of N-acetylgluco- 
samine (1) phospho (6) mannose diester groups. Proc. 
Natl. Acad. Sci., U.S.A. 77:7074-7078. 
Hickman, S., L. Shapiro, and E. Neufeld. 1974. A recogni¬ 
tion marker required for the uptake of lysosomal 
enzyme by cultured fibroblasts. Biochem. Biophys. 
Res. Comm. 57:55-61 . 
55 
Houchen, C. and Browne. J. M. 1985. Biosynthesis of two 
forms of embryonic chick brain hyaluronidase. Deve¬ 
lop. Biol. (Suppl.) 44:65-70. 
Houck, J . and R. Pearce. 1957. Purification and charac¬ 
terization of lysosomal hyaluronidase from bovine 
testis. Biochem. Biophys. Acta. 25:607-614. 
Jackson, R. L. and G. Blobel. 1977. Post-translational 
cleavage of presecretory proteins with an extract of 
rough microsomes containing signal peptidase acti¬ 
vity. Proc. Natl. Acad. Sci. USA 74:5598-5603. 
Kaplan, A., d. Fisher, D. Achord, and W. Sly. 1977. Pho- 
sphohexosyl recognition is a general characteristic 
of pinocytosis of lysosomal glycosidases by human 
fibroblast. J. Clin. Investigation. 60:1088-1093. 
Knudson, C. and B. P. Toole. 1985. Fluorescent morpho¬ 
logical probe for hyaluronate. J. Cell Biol. 100: 
1753-1768. 
Kreibich, G., S. Bar-Nun, M. Czako-Graham, V. Czichi, E. 
Marcantonio, M. G. Rosenfeld, and D. D. Sabatini. 
1981. Components of microsomal membranes involved 
the insertion and co-translational processing of 
proteins made on bound polysomes, pp. 579-589. In 
H. G. Schweiger (ed). International Cell Biology. 
Springer Verlag, Berlin. 
56 
Laemmli, U. K. Cleavage of structural proteins during 
the assembly of the head of bacteriophage, T 4. 
Nature (Lond.) 227:680-685. 
Lang, L., T. Takahashi, J . Tang, and S. Kornfeld. 1985. 
Lysosomal enzyme phosphorylation in human fibroblast; 
kinetic parameters offer a biochemical rationale for 
two distinct defects in Uridine Diphospho-N-acetyl- 
glucosamine: Lysosomal enzyme precursor N-acetylglu- 
cosamine -1-phosphotrasferase. J. Clin. Invest. 
76:2191-2195. 
Lingappa, V. R., D. Shields, S. L. C. Woo, and G. Blobel. 
1978. Nascent chicken ovalvumin contains the func¬ 
tional equivalent of a signal sequence. J. Cell 
Biol. 79:567-572. 
Lowry, 0. H., V. J. Rosenbrough, A. L. Farr, and J. Ran¬ 
dall. 1951. Protein measurements with Folin Phenol 
Regents. J. of Biol Chem. 193:265-275. 
Markwald, R. R., T. P. Fitzharris, and F. J. Manasek. 
1977. Structural development of endocardial cushions 
AM. J. Anat. 148:85-120. 
Margolis, R. V., R. K. Margolis, R. Santella, and D. M. 
Atherton. 1972. The hyaluronidase of brain. J. 
Neurochemistry. 19:2322-2325. 
Matalon, R. and A. Dorfman. 1966. Hurlers syndrome: Bio¬ 
synthesis of acid mucopolysaccharides in tissue cul¬ 
ture. Proc. Natl. Acad, of Sci., USA. 56:1310-1316. 
57 
McLean, D. 1 942 . The j_n vivo decapsulation of strepto¬ 
cocci by hya1uronidase . J. Path. Bact. 54:284-286. 
Neufeld, E., G. Sando, A. Garvin, and L. Rome. 1977. The 
transport of lysosomal enzymes. J. Supramolecular 
Structure. 6:97-107. 
Neutra, M.R., A. Ciechanavor, L. Owen, and H.F. Lodish. 
1985. Intracellular transport of transferrin- and 
asialoorosomucoid-colloidal gold conjugates to lyso¬ 
somes after receptor mediated endocytosis. J. Histo- 
chem. Cytochem. 33:1134-1144. 
Orkin, R. W. and B. P. Toole. 1978. Hyaluronidase acti¬ 
vity and hyaluronate content in developing chick 
heart. Dev. Biol. 66:308-320. 
Orkin, R. W. and B. P. Toole. 1980. Chick embryo fibro¬ 
blast produce two forms of Hyaluronidase. J. Cell 
Biol . 85:248-256 . 
Orkin, R. W. and B. P. Toole. 1980. Isolation and charac¬ 
terization of hyaluronidase from cultures of chick 
embryo skin muscle derived fibroblasts. J. of Biol. 
Chem. 255:1036-1041. 
Pelham, H. R. B. and R. J. Jackson. An efficient mRNA 
dependent translation system from reticulocyte 
lysate. 1976. Eur. J. Biochem. 67:247-256. 
58 
Perara, E. and V. R. Lingappa. 1985. A former amino 
terminal signal sequence engineered to an internal 
location directs translocation of both flanking pro¬ 
tein domains. J. Cell Biol. 101:2292-2301. 
Polansky, J., B. P. Toole, and J. Gross. 1974. Brain 
hyaluronidase: Changes in activity during chick 
development. Science. 183:862. 
Poruchynsky, M. S., C. Tyndall, G. W. Both, F. Sato, A. 
R. Bellamy, and P. H. Atkinson. 1985. Deletions 
into an NHg-terminal hydrophobic domain results in 
secretion of rotovirus VP7, a resident endoplasmic 
reticulum membrane glycoprotein. J. Cell. Biol. 
101:2299-2209. 
Pratt, R. M., M. A. Larsen, and M. C. Jonston. 1975 . 
Migration of cranial neural crest cells in a cell-free 
hyaluronate-rich matrix. Dev. Biol. 44:298-395. 
Reinwald, E., P. Rautenberg, and J. R. Hans. 1981. 
Purification of the variant antigens of Trypanasoma 
Congolese. A new approach to the isolation of glyco¬ 
proteins. Biochem. et. Biophys. Acta. 668 : 119-1 31 . 
Reissig, J. L., J. L. Strominger, and L. R. Leloir. 1955. 
A modified colorimetric method for the estimation of 
N-acetylami no sugars. J. Biol. Chem. 21 7 : 959-966 . 
59 
Reitman, M.L., and S. Kornfeld. 1981. UDP-N-acetylglu- 
cosamine: Glycoprotein N-acetylglucosamine-1-phos¬ 
photransferase. J. Biol. Chem. 256:4275-4281. 
Robinson, D. 1974. Multiple forms of lysosomal enzymes. 
Statement of the problem. p. 47. _I_n R*J* Desnick 
(ed.). Enzyme therapy in lysosomal storage dieases. 
North Holland Publishing Company, New York. 
Rosenfeld, M. G., G. Kreibich, K. Popav, K. Kato, and D. 
D. Sabatini. 1982. Bio-synthesis of lysosomal hydro¬ 
lases: Their synthesis in bound polysomes and the 
role of co- and post-translational processing in 
determining their subcellular distribution. J. Cell 
Biol. 93 :1 35-143. 
Shields, D. and G. Blobel. 1978. Efficient cleavage and 
segregation of nascent presecretory proteins in a 
reticulocyte lysate supplemented with microsomal 
membrane. J. Biol. Chem. 253:3753-3756. 
Sly, W. and P. Stahl. (1978). Receptor mediated uptake 
of lysosomal enzymes in transport of macromolecules, 
pp. 229-244. _I_n S. C. Silverstein ( ed. ) . Cellular 
Systems. Dahlem Konferensen, Berlin. 
60 
Tabas, I. and S. Kornfeld. 1980. Biosynthetic intermedi¬ 
ates of B-glucuronidase contain high mannose oligasac- 
charides with blocked phosphate residues. J. Biol. 
Chemistry. 255:6633-6639. 
Toole, B. P. 1971. Hyaluronate turnover during chondro- 
genesis in the developing chick limb and axial ske¬ 
leton. Dev. Biol. 29:321-329. 
Toole, B. P. 1973. Hyaluronate and hya1uronidase in mor¬ 
phogenesis and differentiation. Am. Zool. 13:1061- 
1065 . 
Toole, B. P. 1976. Morphogenetic role of glycosamino- 
glycans in brain and other tissues. pp. 275-328. 
I n S. H. Barondes, (ed.). Neural Recognition. 
Plenum Press, New York. 
Toole, B. P. 1984. Glycosaminoglycans in morphogenesis, 
pp. 259-294. J_n_ E.D. Hay, (ed.). Cel 1 Biology of 
the Extracellular Matrix. Plenum Publishing Corp. 
New York. 
Toole, B. P. and J. Gross. 1971. The extracellular 
matrix of regenerating newt limb. Synthesis and 
removal of hyaluronate prior to differentiation. 
Dev. Biol . 2 5 : 57-7 7. 
61 
Toole, B. P. and Trelstad, R. L. 1971. Hyaluronate 
production and removal during corneal development in 
the chick. Dev. Biol. 26:28-35. 
V a es, G. and P. Jacques. 1965. Studies on bone enzymes. 
The assay of acid hydrolases and other enzymes in 
bone tissue. Biochem. J. 97:380-388. 
Vladutiu, G. 1978. A hypothesis for the structure of 
the carbohydrate recognition site on beta -N-acetyl 
hexosaminidase. Biochem. J. 171:509-512. 
Waindi, E. 1980. Embryonic chick brain fluid hyaluroni- 
dase: It's characterization, changes in moiety and 
regulation during chick brain morphogenesis. Ph.D. 
Dissertation. Atlanta University, Atlanta, Georgia. 
Walter, P. and G. Blobel. 1980. Purification of a 
membrane associated protein complex required for pro¬ 
tein translocation across the endoplasmic reticulum. 
Proc. Natl. Acad, of Sci . , USA. 7 7:7112-7116. 
Waters, M. G. and G. Blobel. 1986. Secretory protein 
translocation in a yeast cell-free system can occur 
Post-translationally and requires ATP hydrolisis. J. 
Cel 1 Biol . 102:1543-1550 . 
62 
Weber, K. and M. Osborn. 1969. The reliability of 
molecular weight determination by dodecyl sulfate - 
polyacrylamide gel electrophoresis. J. Biol. Chem. 
244:4406-4412. 
Weissmann, B. 1955. Transglycosylative action of testi¬ 
cular hya1uronidase. J. Biol. Chem. 216:783-794. 
